The experiments reported here were triggered by our recent observation that exogenously applied NMDA burst of presynaptic action potentials. 
applications when the PC internal solution had only a stimulation with a PC depolarization. For these experiments, however, we decided to replace the Cs-based low Ca 2ϩ buffer capacity (0.1 mM EGTA). In these conditions, the NMDA-induced depression turned out to be internal solutions with solutions more similar to those used in other studies of LTD. Therefore, we analyzed irreversible ( Figure 1B tion) ( Figure 1C ). When using an internal solution with low Ca 2ϩ buffer capacity, the depression was irreversible The pharmacological properties of the long-lasting NMDA-induced depression resembled those of the re-( Figure 1D ). versible depression in their sensitivity to compounds interfering either with NO production or with the main LTD Induction Requires NMDA Receptor Activation LTD was induced by coupling at 1 Hz stimulation of the target of NO, the sGC present in the Purkinje neurons. In the presence of 1 mM L-NAME (an inhibitor of NOS), PFs in the molecular layer with depolarization of the PC. In the original description of LTD (Ito et al., 1982), the the depression (measured 40 min after the application of NMDA) was reduced from 60% Ϯ 6% (n ϭ 5) to 7% Ϯ induction protocol associated an indirect activation of the PFs (through stimulation of a vestibular nerve) with 3% (n ϭ 5). In the presence of 10 M ODQ (an inhibitor of the sGC), the depression was reduced to 16% Ϯ 12% stimulation of the climbing fiber innervating a given PC. It was then found that one could replace the stimulation (n ϭ 4).
These results reinforced the analogy between the of a vestibular nerve with the stimulation of a PF bundle and the stimulation of the climbing fiber with the direct NMDA-induced depression and the process of LTD, which is "irreversible" on the time scale explored here depolarization of the PC (Crepel and Jaillard, 1991; Konnerth et al., 1992). In the experiments shown in Figures (tens of minutes) and has been described by many authors as sensitive to blockers of the NO synthase as 2 and 3, an electrode placed on the surface of the slice activated a bundle of PFs, and, both in the control condiwell as to blockers of sGC (Boxall and Garthwaite, 1996; Lev-Ram et al., 1997). Therefore, we decided to test tions and during the pairing protocol, the PF stimulation consisted of a doublet of pulses. We employed doublet whether there could be occlusion between the NMDAinduced depression and LTD induced by pairing the PF stimulation as in our previous experiments (Casado et Figure 2B ). This is consistent with a which is accompanied by a small decrease of the pairedpulse facilitation, probably corresponds to the presynpostsynaptic site of expression of LTD. We then combined the NMDA application and the pairing protocol. aptic LTP already described at this synapse (Salin et al., 1996) . From the abolition of LTD induction by D-APV, During the application of NMDA, when the depression of the synaptic current had reached a steady level, we we conclude that presynaptic NMDA receptor activation at the PF-PC synapse is necessary for the induction of applied the LTD pairing protocol. This protocol now failed to depress the synaptic current beyond the level LTD. induced by NMDA ( Figure 2C ). The converse was also true, although when the pairing preceded the NMDA
LTD in Paired Recordings
In most studies of the mechanisms of cerebellar LTD, application, the occlusion was only partial (19% Ϯ 7% [n ϭ 7] versus 37% Ϯ 8% [n ϭ 9] depression in control PFs were stimulated by an extracellular electrode placed in the molecular layer, and therefore many neighboring conditions; Figure 2D ). The occlusion between the two processes is consistent with the idea that they share a varicosities would have been active in a compact bundle of PFs. Under physiological conditions, active PF inputs common signaling pathway. That the occlusion depended on the order in which the two protocols were are more likely to be distributed all over the PC dendritic tree, and thus neighboring synapses are unlikely to be applied is consistent with the observation that repeating an NMDA application never induced a further depresactive simultaneously. Experimental stimulation of a compact bundle of PFs could, in particular, enhance sion, whereas, in many cases, a first LTD induction is not sufficient to saturate the depression (data not shown). change in PPF was observed. These observations indicate that an APV-sensitive LTD can be induced at the level of a single synapse and does not require glutamate still has glutamate bound. The effective interval between the two successive action potentials will thus be conrelease from neighboring synapses. strained by the residence time of glutamate, which for NMDA receptors varies from some tens to a few hunMode of Activation of Presynaptic NMDA Receptors during LTD Induction dreds of milliseconds, depending on the subunit composition of the receptors (i.e., less than the 1 s interval We next explored the source of glutamate activating NMDA receptors during LTD induction. If the glutamate between each doublet of action potentials used in the pairing protocol). Thus, in our experimental protocol, the released from a given PF varicosity selectively activates the receptors at that varicosity, the opening of NMDA best occasion for depolarization of glutamate-occupied NMDA receptors is the moment (60 ms after the first receptor channels would require more than a single PF action potential. Channel opening, which takes a few release of glutamate) when the second action potential of each doublet reaches the presynaptic varicosity. milliseconds (Dzubay and Jahr, 1996), will only occur after the action potential, when the fiber will have repoWe therefore checked whether both action potentials of the doublets used during pairing were required for larized. Thus, the NMDA receptors have to integrate at least two consecutive PF action potentials: the first LTD induction. When we used pairing protocols lasting 2 min like the control ones, omission of either action providing the glutamate, the second depolarizing the membrane to relieve the Mg 2ϩ block while the receptor potential of the doublets caused failure of LTD induction. . Since this kind of these properties in the construction of the "coincidence activity also seems to be optimal for presynaptic NMDA detector," which is seen as the basis of the "Hebbian" receptor activation, we propose that both signaling features of postsynaptic NMDA-dependent plasticity. pathways can be activated simultaneously by certain However, it is also well known that they use the same patterns of synaptic activity. In our view, the activation two properties to privilege the transmission of trains of of metabotropic receptors acts through a Ca 
